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ON  THE  INACTIVATION  OF  STREPTOMYCIN  BY  ATP-F1" 
AND  SOME  ELECTRONIC  ASPECTS  OF  THIS  ACTION 


/Following  1b  a  translation  of  on  artiolo  oy 
itoe  Andros  Goudot  and  Michel  Paguel,  of  the 
Bacteriophage  Service  of  the  Pasteur  Insti¬ 
tute,  presented  at  the  20  Kay  1963  meeting  of 
the  French  Aoademy  of  Sciences  and  published 
In  the  Frenoh-l&ngu.go  periodioal  Como  tea 
randus  de  ^Aoadenle  4<»a  Sciences  (Reports 
ox  the  Academy  of  Sciences),  Vol 256,  1963* 
pages  5220-5223*  under  the  subject  heading 
of  Biochemistry.^ 


7  The  addition  of  ATP' 
containing  streptomycin  in 


n  an 


mite  the 
Ssoberlci 


growth  of 

La  sail* 


Ls  aotion  is  given. 


KTjto  a  culture  medium 
an  inhibitory  dote  per- 
oooouB  aureus  and  of 
ronie  interpretation 


We  shall  describe  more  in  detail,  in  an  article  not 
yet  published  (this  article  ls  to  appear  in  1963  lr  Annales 
de  l * Inatltut  Pasteur],  the  experiments  that  showed  that 
the  addition  of  ATP-lr  to  complex  culture  mediums  contain¬ 
ing  sufficient  amounts  of  streptomycin  to  block  the  growth 
of  a  staphylococcus  or  of  a  colibacillus,  allowed  these  two 
germs,  one  of  thsm  gram-positive,  the  other  one  gram-nega¬ 
tive,  to  continue  their  growth. 


We  shall  only  say  here  that.  In  these  experiments, 
all  our  cultures  were  mads  in  water  containing  1%  peptone 
(peptone  SC)  and  0.3Jf  gluoose.  Their  growth  curves  were 
recorded  automatically  by  a  K.E.C.I.  electronic  microbio- 
pho  tome  ter.  (M.  Fsguel,  4fi&.  Tn*t-  Pasteur.  21*  1959*  pp  17T- 
187;  Lft  fll  1*  flCSll.- 

/rhatoelentrlcltv  in  Recording  Bacterial 


ibeleotric ity 
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Growth,  preface  "by  J.  Trefouel,  Paris:  Hftrman  et  Cie., 

1941,  Ho  898)  and  the  variations  in  the  growth  rate  of 
these  cultures  were  determined  toy  studying  these  curves. 

In  this  article,  ve  shall  study  more  specifically 
some  theoretic  aspects  of  this  action. 

Theoretic  Results.  Streptomycin  is  composed  of  three  eytoles: 
N-methyl -glucosamine,  streptose  and  streptidine.  The  N- 
methylglucosamine  and  the  streptidine  are  joined  to  the 
streptose  toy  some  quite  labile  bonds  H2C...O. ..CH. 

In  the  presence  of  ATF-K*,  in  addition  to  the  decomp¬ 
osition  of  the  streptomycin  there  is  phosphorylation  of  one 
or  of  several  of  the  oyoles  that  acmpose  It.  31noe  the 
growth  of  the  oulture  resumes,  it  is  likely,  that  one  of  the 
phoaphorylated  oyoles  sets  as  a  metabolite,.  In  one  of  the 
syntheses  neoessary  for  the  formation  of  the  bacteria,  '.fe 
made,  using  eleotrt.nlo  ohsmlstry,  a  theoretic  study  of  the 
phosphorylation  of  each  of  the  cycles  bound  to  the  streptose. 
In  the  presence  of  ATP-I*  in  the  culture  medium.  We  uBed 
the  molecular  orhltales  method,  in  an  L.C.A.O.  approximatien. 

1 .  N-methYlKluco»miM-£f-ATP .  A  calculation  of  the 
charges  (Pig.  2)  shows  that  the  most  positive  peak  is  the 
one  found  in  the  streptomycin  bound  to  the  streptose,  before 
its  dissociation*  This  peak  Is  the  one  oooupled  by  the  C 
atom  (+0.95)  which  baa  the  best  possibility  ol  being  Joined 
by  an  eleotroBte.tlc  bond  to  0  (-0.94)  of  the  phosphate  group. 
Tien  we  have  tbu  following  reaction  In  the  eulvure  medium: 

1+ 

Streptomycin  +  ATP  N-methylgluoosamine-PP  + 

AX?  +  streptomycin  residue 

Is  It  possible  that  N-methyl glue 0 Main* -PP  plays  the 
part  of  a  metabolite  In  the  growth  of  baoterlaT  The  results 
of  experiments  have  shown  us  that  the  action  of  ATP- IT  waa 
stronger,  in  equal  concentrations ,  for  the  ataphylooooous 
than  for  the  oollbacillus.  Staphyloooool,  gram~posltl\e 
bacteria,  have  only  a  small  number  of  amino  adds  in  their 
membrane  which  contain*  an  amino- sugar;  muramlo  add  (X. 

R.  J.  Saltan,  Microbial  Cell  fflkUi,  New  York*  J.  Wiley, 
i960,  pp  25-277*  This  suramio  acid  forms  a  metabolite  with 
the  aid  of  urldin-5-Pjrcphoiphate  and  N-aoetylgluoosamlne. 

It  is  also  found  in  gram-negative  bacteria,  but  in  a  much 
smaller  amount. 


This  metabolite  participates  in  the  synthesis  of 
peptides  In  the  membrane  of  bacteria.  Now,  this  synthesis 
takes  place  on  the  N-acetylglucosamine  oyole.  Therefore, 
N-acetylglucosamine  Is  the  active  component  of  the  metab¬ 
olite  and  it  must  be  assumed,  then,  that  the  N-methyl glu¬ 
cosamine  cycle  of  streptomycin  is  what  reastabllahes  growth 
after  Its  phosphorylation  by  ATP-K+. 


R-CHj-CH-C-C 

Peptide 


Figure  1 


rrtjCM 


The  oaloulatian  of  the  dlmtribut lcn  of  ohsrgss  due 
to  the  mobile  electrons  cm  the  auramlo  acid  atone  gives  the 
moat  positive  peak  C  (+0.95)  as  united  to  the  urldln-5- 
j.hoaphate.  This  peak  oorresponda  to  the  C  (+0.99)  peak  otf 
\he  N-aethylgluoosaaine  of  the  streptomycin  (Figs.  1  and  2). 
'.best  two  cycles  are  united,  therefore,  by  the  mum  peak  to 
the  ur  id  in- 5-?hosphate  at  the  time  of  the  synthesis  of  the 


metabolite  necessary  for  the  formation  of  the  bacterial  mem¬ 
brane. 

In  addition,  :this  same  calculation  shows  that  in 
muramlo  acid  the  peak  at  which  the  synthesis  of  the  peptides 
is  the  one  that  has  the  0  (-0.82),  that  la  to  say,  the  one 
that  has  the  highest  negative  charge.  The  same  calculation 
performed  an  the  N-methylglucoaamine  of  the  streptomycin 
shows  that  the  peak  occupied  by  0  (-0.92)  is  the  one  that 
has  the  highest  negative  charge  and  that  it  coi  /eaponde  by 
Its  position  to  0  (-0.82)  of  the  mursmie  acid,  as  may  be 
seen  in  Figures  1  and  2. 

2.  Strontidlne-ATP-S4' .  ThiB  cycle  that  is  Joined 
to  the  streptoae  in  the  streptomycin  has  two  peaks  to  which 
a  guanidine  /slo;  probably  should  read  "guanine^/  group  is 
Joined. 


They  undergo  phosphorylation  ijj  the  preeenoe  of  ATP- 
K+.  Without  doubt,  these  guanidine  /alc7  groups  are  the 
ones  used  in  the  E.  ooll  baoterium  for  the  formation  of 
purine  at  the  time  of  treatment  with  streptomycin  (H. 

Roth,  H.  Amos  and  B.  D.  Davie,  Bioehem.  Bloiba.  Acte.  17. 
i960,  p  398)'.  Then  these  purines,  produced  in  excess  and 
not  utilised,  are  rejeoted  along  with  E*. 

Discuss  lea.  What  hypotheses  can  be  drawn  up  according  to 
the  results  of  the  experiments  and  of  the  calculations  pro¬ 
duced  by  the  theoretic  study?  It  may  be  deduced  that  the 
H-methylgLuooaamlne  cycle  is  the  one  that  comes  Into  action, 
after  phosphorylation,  to  permit  tbs*  growth  of  the  bacteria. 
Streptomycin  releases.  In  the  presence  of  ATP-I*,  a  methyl- 
gluo os amine -PP  that  mar  permit  amain  the  synthesis  of  a  nur- 
amlc  acid  that  is  slightly  modified  In  its  chemical  struc¬ 
ture  but  that  performs,  nevertheless,  the  synthesis  of  the 
peptides  in  the  isms  location.  The  membrane  of  the  daughter 
bacteria  then  probably  has  an  amino -sugar  in  vbloh  a  methyl 
group  replaces  the  aeetjl  group  of  the  aureate  acid. 

In  the  absence  of  AT?-!*,  the  peak  that  should  be 
phoephorylated  remains  directly  united  with  the  streptoee. 

Therefore,  streptomycin  sots  as  an  antimetabolite  in 
the  synthesis  of  mursmie  acid  and,  because  of  this,  inhibits 
the  formation  of  tha  bacterial  membrane,  whence  its  inhibi¬ 
tory  power  on  growth. 

’jMb  faot  might  explain  the  necessity  of  the  presence 
of  streptomycin  for  the  growth  of  certain  *nvtants  that  should 
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have  N-methylglnsouamlne  la  thslr  membrane .  Steptomyein 
probably  provides  a  metabolite  for  this  mutant'. 

When  the  dissociation  of  N-ae thy iglucos amine  occurs 
In  the  culture  medium  by  means  of  phosphorylation,  there  is 
a  formation  of  new  membrane  a  and  no  penetration  of  strep tl- 
dine.  On  the  other  hand.  If  thla  phoaphorylatlon  takes 
place  In  the  bacterium  after  penetration  of  the  streptomycin, 
there  is  action  by  the  atreptldine  vhlch  altera  the  metab¬ 
olism  of  the  purines  which,  since  they  are  not  produced 
where  synthesis  of  RNA  occurs,  prevents  the  formation  of  RHA. 


